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(57) ABSTRACT

A circuit includes a multi-bit thp flop, an integrated clock
gating circuit connected to the multi-bit thp flop, and a
control circuit connected to the integrated clock gating
circuit and the multi-bit tlip flop. The control circuit com-
pares output data of the multi-bit tlip flop corresponding to
input data with the mput data. The control circuit generates
an enable signal based on comparing the output data of the
multi-bit tlip tlop corresponding to the mput data with the
input data of the multi-bit flip flop. The control circuit
provides the enable signal to the imtegrated clock gating
circuit, wherein the mtegrated clock gating circuit provides,
based on the enable signal, a clock signal to the multi-bit flip
flop causing the multi-bit flip flop to toggle.

(2013.01) 20 Claims, 6 Drawing Sheets
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1
MULTI-BIT FLIP FLOP

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 62/954,987, filed Dec. 30, 2019, and titled
“Multi-Bit Flip Flop,” the disclosure of which 1s hereby
incorporated herein by reference.

BACKGROUND

A thp-flop 1s a circuit that has two stable states and
thereby 1s capable of serving as one bit of memory. A
tlip-flop 1s usually controlled by one or two control signals
and a clock signal. The output often includes the comple-
ment as well as the normal output. Flip-tlops can be either
simple (transparent) or clocked (or non-transparent).
Clocked flip-flops are specially designed for synchronous
(time-discrete) systems and typically implemented as mas-
ter-slave devices. Flip-flops can be further divided into
types: the RS (“set-reset”), D (“data” or “delay™), T
(“toggle™), and JK types are common ones. The D thp-flop
1s known as a delay thip-tflop (as 1ts output Q looks like a
delay of input D) or data latch. The behavior of a particular
type flip-flop can be described by what i1s termed the
characteristic equation, which derives the “present state”
output 1n terms of the mput signal(s) and/or the “previous
state” signal of the flip-tlops.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1 1s a block diagram illustrating an example of a
processing system in accordance with some embodiments.

FIG. 2 depicts an example of a D-type flip-flop with a
shared clock terminal and one output 1n accordance with
some embodiments.

FIG. 3 depicts an example block diagram of a multi-bit
tlip-flop circuit 1n accordance with some embodiments.

FIG. 4A depicts partial block diagram and partial circuit
diagram of a multi-bit flip-flop circuit 1n accordance with
some embodiments.

FIG. 4B depicts a truth table of an exclusive OR logic
circuit of a multi-bit flip-tlop circuit in accordance with
some embodiments.

FIG. 4C depicts a truth table of a disjunction circuit of a
multi-bit flip-flop circuit 1n accordance with some embodi-
ments.

FIG. 5§ 1s a block diagram showing an example of a
multi-bit flip-tlop constructed from two single bit flip-tlop
cells 1 accordance with some embodiments.

FIG. 6 1s a flow diagram 1llustrating an example method
for operating a multi-bit flip-flop 1n accordance with some
embodiments.

DETAILED DESCRIPTION

The {following disclosure provides many diflerent
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
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components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments 1n
which the first and second features are formed in direct
contact, and may also include embodiments 1n which addi-
tional features may be formed between the first and second
teatures, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition 1s for the purpose of simplicity and
clarity and does not 1n 1itself dictate a relationship between
the various embodiments and/or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper”’ and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as 1llustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device 1in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

Electronic Design Automation (EDA) tools and methods
facilitate the design, partition, and placement of microelec-
tronic mtegrated circuits on a semiconductor substrate. This
process typically includes turning a behavioral description
of the circuit imnto a functional description, which 1s then
decomposed into logic functions and mapped into cells
using a standard cell library. Once mapped, a synthesis 1s
performed to turn the structural design into a physical
layout, a clock tree i1s built to synchronize the structural
clements, and the design i1s optimized post layout.

FIG. 1 1s a block diagram illustrating an example of a
processing system 100 1n accordance with some embodi-
ments disclosed herein. Processing system 100 may be used
to perform a method for operating a multi-bit flip-flop 1n
accordance with various processes discussed herein. Pro-
cessing system 100 includes a processing unit 110, such as
a desktop computer, a workstation, a laptop computer, a
dedicated umt customized for a particular application, a
smart phone or tablet, etc. Processing system 100 may be
equipped with a display 114 and one or more input/output
devices 112, such as a mouse, a keyboard, touchscreen,
printer, etc. Processing unit 110 also includes a central

processing unit (CPU) 120, memory 122, a mass storage
device 124, a video adapter 126, and an I/O interface 128

connected to a bus 130.

Bus 130 may be one or more of any type of several bus
architectures including a memory bus or memory controller,
a peripheral bus, or video bus. CPU 120 may comprise any
type of electronic data processor, and memory 122 may
comprise any type of system memory, such as static random
access memory (SRAM), dynamic random access memory
(DRAM), or read-only memory (ROM).

Mass storage device 124 may comprise any type of
storage device configured to store data, programs, and other
information and to make the data, programs, and other
information accessible via bus 130. Mass storage device 124
may comprise, for example, one or more of a hard disk drive,
a magnetic disk drive, an optical disk drive, flash memory,
or the like.

The term computer readable media as used herein may
include computer storage media such as the system memory
and storage devices mentioned above. Computer storage
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media may include volatile and nonvolatile, removable and
non-removable media implemented 1n any method or tech-
nology for storage of information, such as computer read-
able 1instructions, data structures, or program modules.
Memory 122 and mass storage device 124 are computer
storage media examples (e.g., memory storage). Mass stor-
age device 124 may further store a library of standard cells,
as will be discussed further herein below.

Computer storage media may include RAM, ROM, elec-
trically erasable read-only memory (EEPROM), flash
memory or other memory technology, CD-ROM, digital
versatile disks (DVD) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices, or any other article of manufac-
ture which can be used to store information and which can
be accessed by processing system 100. Any such computer
storage media may be part of processing system 100. Com-
puter storage media does not include a carrier wave or other
propagated or modulated data signal.

Communication media may be embodied by computer
readable instructions, data structures, program modules, or
other data 1n a modulated data signal, such as a carrier wave
or other transport mechanism, and includes any information
delivery media. The term “modulated data signal” may
describe a signal that has one or more characteristics set or
changed 1n such a manner as to encode information in the
signal. By way of example, and not limitation, communi-
cation media may include wired media such as a wired
network or direct-wired connection, and wireless media
such as acoustic, radio frequency (RF), infrared, and other
wireless media.

Video adapter 126 and I/O interface 128 may provide
interfaces to couple external mput and output devices to
processing unit 110. As illustrated i FIG. 1, examples of
input and output devices include display 114 coupled to
video adapter 126 and I/O device 112, such as a mouse,
keyboard, printer, and the like, coupled to I/O interface 128.
Other devices may be coupled to processing unit 110, and
additional or fewer interface cards may be utilized. For
example, a serial interface card (not shown) may be used to
provide a serial interface for a printer. Processing unit 110
also may include a network interface 140 that may be a
wired link to a local area network (LAN) or a wide area
network (WAN) 116 and/or a wireless link.

Embodiments of processing system 100 may include
other components. For example, processing system 100 may
include power supplies, cables, a motherboard, removable
storage media, cases, and the like. These other components,
although not shown, are considered part ol processing
system 100.

In some examples, software code 1s executed by CPU 120
to operate a multi-bit tlip-tlop. The software code may be
accessed by CPU 120 via bus 130 from memory 122, mass
storage device 124, or the like, or remotely through network
interface 140. Further, in some examples, a physical inte-
grated circuit layout may be created based on a functional
integrated circuit design, which may be received though 1/0
interface 128 and/or stored 1n memory 122 or mass storage
device 124 in accordance with various methods and pro-
cesses implemented by the software code.

A standard cell can include an entire device, such as a
transistor, diode, capacitor, resistor, or inductor, or can
include a group of several devices arranged to achieve some
particular function, such as an inverter, a thp-flop, a memory
cell, or an amplifier, among others. In addition to making
functional design easier to conceptualize, the use of standard
cells can reduce vernfication time for design rule checking
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(DRC) of the layout features within the IC, because a
standard cell that 1s repeated throughout the layout can be
checked a single time in DRC rather than each 1nstantiation
being checked individually. Based on the received func-
tional circuit description, processing system 100 1s config-
ured to select standard cells from the cell library.

As noted above, flip-tlop circuits may be included 1n a
standard cell library. A flip-flop 1s a circuit that has two
stable states and thereby 1s capable of serving as one bit of
memory. A flip-tlop 1s usually controlled by one or two
control signals and a clock signal. The output often includes
the complement as well as the normal output. Flip-tlops can
be either simple (transparent) or clocked (or non-transpar-
ent). Clocked flip-flops are specially designed for synchro-
nous (time-discrete) systems and typically implemented as
master-slave devices. Flip-flops can be further divided into
types: the RS (“set-reset”), D (*data” or “delay”), T
(“toggle™), and JK types are common ones. The D flip-flop
1s known as a delay thip-flop (as 1ts output Q looks like a
delay of mput D) or data latch. The behavior of a particular
type flip-flop can be described by what i1s termed the
characteristic equation, which derives the “present state”
output 1n terms of the mput signal(s) and/or the “previous
state” signal of the tlip-tlops.

The D flip-tlop captures the value of the D-mput at a
definite portion of the clock cycle (such as the rising edge of
the clock). That captured value becomes the QQ output. At
other times, the output Q does not change. The D flip-flop
can be viewed as a memory cell, a zero-order hold, or a delay
line.

FIG. 2 depicts an example D-type tlip tlop 200 1n accor-
dance with aspects of the present disclosure. As shown 1n
FIG. 2, thp flop 200 includes a data input terminal 202 and
a data output terminal 204. In addition, tlip flop 200 of FIG.
2 1icludes a clock mput terminal, CK 1n, 206. Flip flop 200
captures a value, that 1s, input data, D, provided at data input
terminal 202 at a definite portion of the clock cycle (such as
the rising edge of the clock). That captured input data, D,
becomes output data, (), at data output terminal 204. At other
times, the output data, Q does not change. In some examples,
tlip flop 200 can be viewed as a memory cell, a zero-order
hold, or a delay line.

Multiple single bit tlip flops, for example flip tlop 200 of
FIG. 2, are arranged to form multi-bit flip flops. Multi-bat
tlip flops have multiple input terminals and output terminals
(D and Q pins). For mnstance, some two bit multi-bit tlip-
flops may have two 1input terminals and two output terminals
(DO, D1, QO0, Q1 pins) along with a common clock, scan_in
and scan_enable pins. In a two bit tlip flop, the scan_in pin
ol a second bit flop 1s connected to a first tlop Q pin (QO),
so that they are 1n scanning order. The layout of the multi-bit
tlip flop may be designed 1n a compact manner so that the
ellective area of the multi-bat flip flop 1s less than the added
area of single-bit tlip flops.

Known multi-bit flip flops may be employed to save
power by sharing a local clock buffer among flip tlops,
optimizing power by reducing clock-toggling devices. Dis-
closed embodiments further save power by using a plurality
of low clock pulse toggling single-bit flip flops and seli-
timed integrated clock gating (ICG) cells. In some examples,
power 1s reduced by over 30%.

FIG. 3 illustrates a block diagram of a multi-bat flip flop
circuit 300 in accordance with some embodiments. As
shown in FIG. 3, multi-bit tlip flop circuit 300 includes
multi-bit flip flop 302, an integrated clock gating circuit 304,
and a control circuit 306. Multi-bit tlip tlop 302 1s connected
to both integrated clock gating circuit 304 and a control
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circuit 306. Control circuit 306 includes a disambiguation
circuit 308 and a disjunction circuit 310. It will be apparent
to a person with ordinary skill in the art after reading this
disclosure that multi-bit flip flop circuit 300 can include
more components than those depicted in FIG. 3.

As shown 1n FIG. 3, multi-bit flip flop 302 includes data
input terminals 312, data output terminals 314, and clock
input terminals 316. Multi-bit tlip flop 302 captures mnput
data, D<provided at data input terminals 312 and provides
the captured mput data, D, as output data, QQ, at output
terminals 314. Multi-bat flip tlop 302 receives a clock signal,
CLK, at clock input terminals 316 and toggles in response
to receiving the clock signal, CLK. In some examples,
multi-bit flip flops 302 includes a plurality of single bit flip
flops arranged to form multi-bit flip tlop 302 operative to
temporarily store a pre-determined number of bits of data
iput. Multi-bit flip flops 302 1s connected to control circuit
306.

Control circuit 306 includes first input terminals 318 and
second mput terminals 320. In some examples, disambigu-
ation circuit 308 of control circuit 306 includes first mput
terminals 318 and second input terminals 320. First input
terminals 318 are connected to put terminals 312 of
multi-bit tlip flop 302. Second input terminals 320 are
connected to output terminals 314 of multi-bit thp tlop 302.
In some example, control circuit 306 compares the input
data with the output data of multi-bit tlip flop 302 corre-
sponding to the mput data, and provides an enable signal,
EN, based on the comparison. Control circuit 306 provides
the enable signal, EN at control circuit output terminal 326.

For example, disambiguation circuit 308 of control circuit
306 determines a logical disambiguation of the mput data,
D, and the output data, QQ, of multi-bit flip flop 302 corre-
sponding to the mput data, D. Disambiguation circuit 308
provides results of the logical disambiguation determination
at disambiguation circuit output terminals 322 of disambigu-
ation circuit 308. Disambiguation circuit output terminals
322 are connected to disjunction circuit iput terminals 324
of disjunction circuit 310. Hence, the results of the logical
disambiguation determination of the mnput data, D, and the
output data, Q, of multi-bit tlip flop 302 corresponding to the
input data, D, 1s provided as an input data to disjunction
circuit 310.

Disjunction circuit 310 determines a logical disjunction of
the results of logical disambiguation of the input data, D, and
the output data, Q, of multi-bit flip flop 302 corresponding
to the mput data, D. Disjunction circuit 310 generates the
enable signal, EN, based on the logical disjunction deter-
mination of the results of the logical disambiguation of the
input data, D, and the output data, Q, of multi-bit flip flop
302 corresponding to the input data, D. Disjunction circuit
310 provides the enable signal, EN, as an output at disjunc-
tion circuit output terminal 326 which 1s also referred to as
control circuit output terminal 326.

Disjunction circuit output terminal 326 or control circuit
output terminal 326 1s connected to a second 1nput terminal
330 of mtegrated clock gating circuit 304. A first input
terminal 328 of integrated clock gating circuit 304 1s opera-
tive to receive a clock pulse, CP. Integrated clock gating
circuit 304 generates the clock signal, CLK, at integrated
clock gating circuit output terminal 332.

In some examples, integrated clock gating circuit 304
generates the clock signal, CLK, from the clock pulse, CP,
based on the enable signal, EN. For example, integrated
clock gating circuit 304 generates the clock signal, CLK,
when the enable signal, EN, changes to a logic huigh. The
clock signal, CLK, 1s provided at integrated clock gating
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circuit output terminal 332 which 1s connected to clock input
terminal 316 of multi-bit flip flop 302. The clock signal,
CLK, 1s provided to multi-bit tlip tflop 302 and toggles
multi-bit tlip flop 302.

FIG. 4A depicts partial block diagram and partial circuit
diagram of a multi-bit flip-tlop circuit 400 1n accordance
with some embodiments. For example, and as shown in FIG.
4A, multi-bit flip-flop circuit 400 includes a plurality of
single bit flop flops, for example, a first single bit thp flop
200(1), a second single bt flip tlop 200(2), a third single bat
tlip tlop 200(3), and a fourth single bit flip flop 200(4). In
some examples, the plurality of single bit flip tlops form
multi-bit flip flop 302. Although, multi-bit flip-tlop circuit
400 of FIG. 4A 1s shown to include only four single bit flip
flops, 1t will be apparent to a person with an ordinary skill
in the art after reading this disclosure that multi-bit flip flop
circuit 400 may include a different number of single bt flip
flops. For example, multi-bit tlip flop circuit 400 may
include two single bit tlip flops, eight single bit thp flops,
sixteen single bit tlip flops, and so on.

In addition, multi-bit flip-flop circuit 400 includes a
plurality of exclusive OR (XOR) logic circuits, for example,
a first XOR logic circuit 402(1), a second XOR logic circuit
402(2), a third XOR logic circuit 402(3), and a fourth XOR
logic circuit 402(4). In some examples, first XOR logic
circuit 402(1), second XOR logic circuit 402(2), third XOR
logic circuit 402(3), and fourth XOR logic circuit 402(4)
form disambiguation circuit 308. Each of the plurality of
XOR logic circuits 1s associated with one of the plurality of
single bit tlop flops. For example, first XOR logic circuit
402(1) 1s associated with first single bit flip tlop 200(1),
second XOR logic circuit 402(2) 1s associated with second
single bit flip tlop 200(2), third XOR logic circuit 402(3) 1s
associated with third single bit tlip tlop 200(3), and fourth
XOR logic circuit 402(4) 1s associated with fourth single bit
tlip tlop 200(4). Thus, and 1n accordance with some embodi-
ments, multi-bit flip flop circuit 400 includes a same number
of or equal number of the plurality of XOR logic circuits and
the plurality of single bit tlop tlops.

First single bit flip tflop 200(1) includes a data input
terminal 202(1), a data output terminal 204(1), and a clock
input terminal 206(1). In addition, first single bit flip flop
200(1) includes a scan-in terminal 208(1). Data input ter-
minal 202(1) of first single bit flip tlop 200(1) 1s operative
to receive first input data, D1. Clock mput terminal 206(1)
of first single bit thp tlop 200(1) 1s connected to clock gating
circuit output terminal 332 and 1s operative to receive the
clock signal, CLK, from integrated clock gating circuit 304.
Scan-in terminal 208(1) of first single bit flip tlop 200(1) 1s
operative to receive a scan mput signal, SI.

First single bit flip flop 200(1) 1s operative to capture the
first 1nput data, D1, received at data input terminal 202(1)
and provide the captured first input data, D1, as a first output
data, QQ1, at data output terminal 204(1). Data output termi-
nal 204(1) of first single bit flip flop 200(1) 1s connected to
a second mput terminal 406(1) of first XOR logic circuit
402(1). A first mput terminal 404(1) of first XOR logic
circuit 402(1) 1s connected to data input terminal 202(1) of
first single bit flip flop 200(1). Thus, first mput terminal
404(1) of first XOR logic circuit 402(1) receives the first
input data, D1, of first single bit flip tflop 200(1) and second
input terminal 406(1) of first XOR logic circuit 402(1)
receives the first output data, Q1, of first single bat flip tlop
200(1) corresponding to the first input data, D1.

First XOR logic circuit 402(1) determines a logical dis-
ambiguation of the first input data, D1, of first single bit flip
flop 200(1) and the first output data, Q1, of first single bat flip
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flop 200(1) corresponding to the first input data, D1. First
XOR logic circuit 402(1) provides the first output data, X1,
which 1s the logical disambiguation of the first input data,
D1, of first single bit flip flop 200(1) and the first output data,
Q1, of first single bat tlip tlop 200(1) corresponding to the
first mput data, D1, at output terminal 408(1). FIG. 4B
illustrates an example truth table 450 of an example logical
disambiguation of the first input data, D1, of first single bit
tlip flop 200(1) and the first output data, Q1, of first single
bit thp flop 200(1) corresponding to the first input data, D1,
in accordance with some embodiments.

As shown 1n FIG. 4B, truth table 450 includes columns for
the first input data, D1, of first single bat flip flop 200(1), the
first output data, QI1, of first single bit flip flop 200(1)
corresponding to the first input data, D1, and the first output
data, X1, of first XOR logic circuit 402(1). In some
examples, the first output data, X1, of first XOR logic circuit
402(1) depends on the first mnput data, D1, of first single bat
tlip flop 200(1) and the first output data, Q1, of first single
bit thp flop 200(1) corresponding to the first input data, D1.
For example, when the first input data, D1, of first single bit
tlip flop 200(1) 1s a logical zero (0) and the first output data,
Q1, of first single bat tlip tlop 200(1) corresponding to the
first input data, D1, 1s a logical O, then the first output data,
X1, of first XOR logic circuit 402(1) 1s a logical O.

By way of another example, when the first input data, D1,
of first single bit tlip flop 200(1) 1s a logical 0 and the first
output data, Q1, of first single bit flip flop 200(1) corre-
sponding to the first input data, D1, 1s a logical one (1), then
the first output data, X1, 1s a logical 1. By way of yet another
example, when the first input data, D1, of first single bit flip
flop 200(1) 1s a logical 1 and the first output data, Q1, of first
single bit thp flop 200(1) corresponding to the first 1nput
data, D1, 1s a logical O, then the first output data, X1, of first
XOR logic circuit 402(1) 1s a logical 1. By way of still
another example, when the first input data, D1, of first single
bit thip flop 200(1) 1s a logical 1 and the first output data, Q1,
of first single bit tlip tlop 200(1) corresponding to the first
iput data, D1, 1s a logical 1, then the first output data, X1,
of first XOR logic circuit 402(1) 1s a logical 0. Hence, first
XOR logic circuit 402(1) provides the first output data, X1,
of logical 1 when the first output data, (Q1, of first single bit
tlip flop 200(1) corresponding to the first input data, D1, 1s
different from the first input data, D1. Moreover, first XOR
logic circuit 402(1) provides the first output data, X1, of
logical O when the first output data, Q1, of first single bit flip
flop 200(1) corresponding to the first input data, D1, 1s same
as the first input data, D1.

Returming to FIG. 4A, second single bit flip flop 200(2)
includes a data imnput terminal 202(2), a data output terminal
204(2), and a clock mput terminal 206(2). In addition,
second single bit flip flop 200(2) includes a scan-1n terminal
208(2). Data mput terminal 202(2) of second single bit flip
flop 200(2) 1s operative to receive second input data, D2.
Clock mput terminal 206(2) of second single bit flip flop
200(2) 1s connected to clock gating circuit output terminal
332 and 1s operative to recerve the clock signal, CLK, from
integrated clock gating circuit 304. Scan-1n terminal 208(2)
of second single bit flip tlop 200(2) 1s connected to output
terminal 204(1) of first single bit flip flop 200(1) and 1s
operative to receive the first output data, Q1, of first single
bit flip tlop 200(1).

Second single bit tlip tlop 200(2) 1s operative to capture
the second input data, D2, received at data input terminal
202(2) and provide the captured second mput data, D2, as a
second output data, (Q2, at data output terminal 204(2). Data
output terminal 204(2) of second single bit tlip flop 200(2)
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1s connected to a second 1nput terminal 406(2) of second
XOR logic circuit 402(2). A first mput terminal 404(2) of
second XOR logic circuit 402(2) 1s connected to data input
terminal 202(2) of second single bit flip flop 200(2). Thus,
first mput terminal 404(2) of second XOR logic circuit
402(2) recerves the second 1nput data, D2, of second single
bit tlip flop 200(2) and second input terminal 406(2) of
second XOR logic circuit 402(2) recerves the second output
data, Q2, of second single bit tlip tlop 200(2) corresponding
to the second mput data, D2.

Second XOR logic circuit 402(2) determines a logical
disambiguation of the second mnput data, D2, of second
single bit tlip flop 200(2) and the second output data, Q2, of
second single bit flip flop 200(2) corresponding to the
second input data, D2. Second XOR logic circuit 402(2)
provides the second output data, X2, which 1s the logical
disambiguation of the second mput data, D2, of second
single bit tlip flop 200(2) and the second output data, Q2, of
second single bit tlip flop 200(2) corresponding to the
second 1mput data, D2, at output terminal 408(2). In
examples, second XOR logic circuit 402(2) provides the
second output data, X2, of logical 1 when the second output
data, Q2, of second single bit tlip tlop 200(2) corresponding
to the second input data, D2, 1s different from the second
input data, D2. Moreover, second XOR logic circuit 402(2)
provides the second output data, X2, of logical 0 when the
second output data, 2, of second single biat flip flop 200(2)
corresponding to the second input data, D2, 1s same as the
second 1nput data, D2.

Continuing with FIG. 4A, third single bat flip flop 200(3)
includes a data mput terminal 202(3), a data output terminal
204(3), and a clock mput terminal 206(3). In addition, third
single bit tlip tlop 200(3) includes a scan-1n terminal 208(3).
Data input terminal 202(3) of third single bt tlip flop 200(3)
1s operative to receive third mput data, D3. Clock mput
terminal 206(3) of third single bit flip tlop 200(3) 1s con-
nected to clock gating circuit output terminal 332 and 1s
operative to receive the clock signal from clock gating
circuit 304. Scan-1n terminal 208(3) of third single bat flip
flop 200(3) 1s connected to output terminal 204(2) of second
single bit flip flop 200(2) and 1s operative to receive the
second output data, Q2, of second single bit tlip tlop 200(2).

Third single bit flip flop 200(3) 1s operative to capture the
third input data, D3, received at data input terminal 202(3)
and provide the captured third mput data, D3, as a third
output data, (Q3, at data output terminal 204(3). Data output
terminal 204(3) of third single bit flip tlop 200(3) 1s con-
nected to a second mput terminal 406(3) of third XOR logic
circuit 402(3). A first input terminal 404(3) of third XOR
logic circuit 402(3) 1s connected to data mmput terminal
202(3) of third single bit flip tlop 200(3). Thus, first mput
terminal 404(3) of third XOR logic circuit 402(3) receives
the third input data, D3, of third single bit tlip flop 200(3)
and second 1nput terminal 406(3) of third XOR logic circuit
402(3) receives the third output data, (Q3, of third single bat
tlip flop 200(3) corresponding to the third mnput data, D3.

Third XOR logic circuit 402(3) determines a logical
disambiguation of the third input data, D3, of third single bit
tlip tlop 200(3) and the third output data, Q3, of third single
bit tlip tlop 200(3) corresponding to the third mput data, D3.
Third XOR logic circuit 402(3) provides the third output
data, X3, which 1s the logical disambiguation of the third
input data, D3, of third single bit thp tlop 200(3) and the
third output data, (Q3, of third single bit tlip tlop 200(3)
corresponding to the third input data, D3, at output terminal
408(3). In examples, third XOR logic circuit 402(3) pro-
vides the third output data, X3, of logical 1 when the third
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output data, Q3, of third single bit thp flop 200(3) corre-
sponding to the third mnput data, D3, 1s different from the
third input data, D3. Moreover, third XOR logic circuit
402(3) provides the third output data, X3, of logical 0 when
the third output data, Q3, of third single bit flip tlop 200(3)
corresponding to the third input data, D3, 1s same as the third
input data, D3.

Still continuing with FIG. 4A, fourth single bit flip flop
200(4) includes a data input terminal 202(4), a data output
terminal 204(4), and a clock input terminal 206(4). In
addition, fourth single bit flip flop 200(4) includes a scan-in
terminal 208(4). Data input terminal 202(4) of fourth single
bit flip flop 200(4) 1s operative to receive fourth mput data,
D4. Clock mput terminal 206(4) of fourth single bit tlip flop
200(4) 1s connected to clock gating circuit output terminal
332 and 1s operative to receive the clock signal from clock
gating circuit 304. Scan-in terminal 208(4) of fourth single
bit flip flop 200(4) 1s connected to output terminal 204(3) of
third single bat tlip flop 200(3) and 1s operative to receive the
third output data, Q3, of third single bit tlip tlop 200(3).

Fourth single bit flip flop 200(4) 1s operative to capture the
tourth input data, D4, received at data input terminal 202(4)
and provide the captured fourth input data, D4, as a fourth
output data, Q4, at data output terminal 204(4). Data output
terminal 204(4) of fourth single bit flip flop 200(4) 1s
connected to a second input terminal 406(4) of fourth XOR
logic circuit 402(4). A first input terminal 404(4) of fourth
XOR logic circuit 402(4) 1s connected to data mnput terminal
202(4) of fourth single bit flip tlop 200(4). Thus, first input
terminal 404(4) of fourth XOR logic circuit 402(4) receives
the fourth mput data, D4, of fourth single bit flip tlop 200(4)
and second imput terminal 406(4) of fourth XOR logic
circuit 402(4) recerves the fourth output data, Q4, of fourth
single bit tlip tlop 200(4) corresponding to the fourth 1nput
data, D4.

Fourth XOR logic circuit 402(4) determines a logical
disambiguation of the fourth input data, D4, of fourth single
bit tlip tlop 200(4) and the fourth output data, Q4, of fourth
single bit tlip tlop 200(4) corresponding to the fourth 1nput
data, D4. Fourth XOR logic circuit 402(4) provides the
fourth output data, X4, which 1s the logical disambiguation
of the fourth mput data, D4, of fourth single bit flip flop
200(4) and the fourth output data, Q4, of fourth single bit flip
flop 200(4) corresponding to the fourth input data, D4, at
output terminal 408(4). In examples, fourth XOR logic
circuit 402(4) provides the fourth output data, X4, of logical
1 when the fourth output data, Q4, of fourth single bit flip
flop 200(4) corresponding to the fourth mput data, D4, 1s
different from the fourth mput data, D4. Moreover, fourth
XOR logic circuit 402(4) provides the fourth output data,
X4, of logical 0 when the fourth output data, Q4, of fourth
single bit tlip tlop 200(4) corresponding to the fourth 1nput
data, D4, 1s same as the fourth input data, D4.

Each of the first output data, X1, of first XOR logic circuit
402(1), the second output data, X2, of second XOR logic
circuit 402(2), the third output data, X3, of third XOR logic
circuit 402(3), and the fourth output data, X4, of fourth XOR
logic circuit 402(4) are provided to disjunction circuit 310 of
multi-bit flip flop circuit 400. For example, output terminal
408(1) of first XOR logic circuit 402(1) 1s connected to one
of a plurality of input terminals of disjunction circuit 310.
Moreover, output terminal 408(2) of second XOR logic
circuit 402(2) 1s connected to another one of the plurality of
input terminals of disjunction circuit 310. Furthermore,
output terminal 408(3) of third XOR logic circuit 402(3) 1s
connected to yet another one of the plurality of mput
terminals of disjunction circuit 310. In addition, output
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terminal 408(4) of fourth XOR logic circuit 402(4) 1s
connected to yet another one of the plurality of input
terminals of disjunction circuit 310.

Disjunction circuit 310 determines a logical disjunction of
the first output data, X1, of first XOR logic circuit 402(1),
the second output data, X2, of second XOR logic circuit
402(2), the third output data, X3, of third XOR logic circuit
402(3), and the fourth output data X4, of fourth XOR logic
circuit 402(4) received at the plurality of mput terminals of
disjunction circuit 310 and generates the enable signal, EN,
based on the logical disjunction. In some examples, disjunc-
tion circuit 310 1s an OR logic circuit. FIG. 4C illustrates a
truth table 460 of the logical disjunction of the first output
data, X1, of first XOR logic circuit 402(1), the second output
data, X2, of second XOR logic circuit 402(2), the third
output data, X3, of third XOR logic circuit 402(3), and the
fourth output data, X4, of fourth XOR logic circuit 402(4)
received at the plurality of mput terminals of disjunction
circuit 310.

As shown 1n FIG. 4C, truth table 460 includes columns for
the first output data, X1, of first XOR logic circuit 402(1),
the second output data, X2, of second XOR logic circuit
402(2), the third output data, X3, of third XOR logic circuit
402(3), the fourth output data, X4, of fourth XOR logic
circuit 402(4), and a logical value of the enable signal, EN.
In some examples, the logical value of the enable signal, EN,
depends on the first output data, X1, of first XOR logic
circuit 402(1), the second output data, X2, of second XOR
logic circuit 402(2), the third output data, X3, of third XOR
logic circuit 402(3), and the fourth output data, X4, of fourth
XOR logic circuit 402(4). For example, when the first output
data, X1, of first XOR logic circuit 402(1) 1s a logical O or
1 (represented as don’t care), the second output data, X2, of
second XOR logic circuit 402(2) 1s a logical O or 1, the third
output data, X3, of third XOR logic circuit 402(3) 1s a
logical O or 1, and the fourth output data, X4, of fourth XOR
logic circuit 402(4) 1s a logical 1, then the logical value of
the enable signal, EN, 1s a logical 1.

By way of another example, when the first output data,
X1, of first XOR logic circuit 402(1) 1s a logical O or 1, the
second output data, X2, of second XOR logic circuit 402(2)
1s a logical O or 1, the third output data, X3, of third XOR
logic circuit 402(3) 1s a logical 1, and the fourth output data,
X4, of fourth XOR logic circuit 402(4) 1s a logical 0 or 1,
then the logical value of the enable signal, EN, 1s a logical
1. By way of yet another example, when the first output data,
X1, of first XOR logic circuit 402(1) 1s a logical 0 or 1, the
second output data, X2, of second XOR logic circuit 402(2)
1s a logical 1, the third output data, X3, of third XOR logic
circuit 402(3) 1s a logical 0 or 1, and the fourth output data,
X4, of fourth XOR logic circuit 402(4) 1s a logical O or 1,
then the logical value of the enable signal, EN, 1s a logical
1.

By way of yet another example, when the first output data,
X1, of first XOR logic circuit 402(1) 1s a logical 1, the
second output data, X2, of second XOR logic circuit 402(2)
1s a logical O or 1, the third output data, X3, of third XOR
logic circuit 402(3) 1s a logical O or 1, and the fourth output
data, X4, of fourth XOR logic circuit 402(4) 1s a logical O or
1, then the logical value of the enable signal, EN, is a logical
1. By way of yet another example, when the first output data,
X1, of first XOR logic circuit 402(1) 1s a logical O, the
second output data, X2, of second XOR logic circuit 402(2)
1s a logical 0, the third output data, X3, of third XOR logic
circuit 402(3) 1s a logical 0, and the fourth output data, X4,
of fourth XOR logic circuit 402(4) 1s a logical 0, then the

logical value of the enable signal, EN, 1s a logical 0.




US 11,824,538 B2

11

Hence, the logical value of the enable signal, EN 1s logical
1 when any of the first output data, X1, of first XOR logic
circuit 402(1), the second output data, X2, of second XOR
logic circuit 402(2), the third output data, X3, of third XOR
logic circuit 402(3), or the fourth output data, X4, of fourth
XOR logic circuit 402(4) 1s a logical 1. That 1s, the logical
value of the enable signal, EN 1s logical 1 when the output
data, Q1 for any of first single bit tlip tlop 200(1), second
single bit flip flop 200(2), third single bat flip flop 200(3),
and fourth single bit flip flop 200(4) 1s different than the
respective input data, D.

The enable signal, EN, 1s provided at disjunction circuit
output terminal 326 which 1s connected to second input
terminal 330 of integrated clock gating circuit 304. Thus, the
enable signal, EN, 1s provided to integrated clock gating
circuit 304. Integrated clock gating circuit 304 generates the
clock signal at integrated clock gating circuit output terminal
332. For example, mtegrated clock gating circuit 304 pro-
vides the clock signal when the logical value of the enable
signal, EN, 1s a logical 1. As discussed previously, the
logical value of the enable signal, EN, 1s a logical 1 when the
output data of one of the plurality of single bit tlip tlops of
multi-bit tlop circuit 400 1s different than the mput data of
the one of the plurality of single bit flip tlops from which the
output data was captures.

FIG. 5 1s a graph 3500 illustrating signals one of the
plurality of single bit tlip flops of multi-bit tlip flop circuit
400 1n accordance with some embodiments. For example, a
first plot 502 of graph 500 1s a representative of the clock
pulse, CP of integrated clock gating circuit 304 of multi-bit
flip flop circuit 400. Second plot 504 of graph 3500 1s a
representative of the input data, D, of one of the plurality of
single bit flip flops of multi-bit tlip flop circuit 400. Third
plot 506 of graph 500 1s a representative of the output data,
Q, of one of the plurality of single bat flip tflops of multi-bat
flip flop circuit 400 corresponding to the mmput data, D.
Fourth plot 508 1s a representative of the enable signal, EN.

As shown at first marker 510 when both the input data, D,
and the output data, Q, are at a same logical value (that 1s
logical 0), then the enable signal, EN, 1s also at a logical 0.
However, as shown at second marker 512, when the input
data, D, rises to logical 1 and the output data, ), remains at
logical 0, then the enable signal, EN, rises to logical 1.
Furthermore, and as shown at third marker 514 when both
the mput data, D, and the output data, ), are rises to logical
1, the enable signal, EN, 1s drops to logical zero.

Thus, and 1 accordance with example embodiments,
integrated clock gating circuit generates the clock signal to
toggle multi-bit flip flop 302 only when the output data of
multi-bit flip flop 302 corresponding to an input data 1s
different than the mnput data. This minimizes the clock pulse,
CP and reduces a clock tree power. In addition, the disclosed
processes results 1n less toggling of multi-bit flip tlop 302
resulting 1n power saving. For example, the disclosed pro-
cesses results 1n approximately 30.4% power saving at 10%
data activity (that 1s, toggling) and approximately 64.3%
power saving at 0% data activity.

FIG. 6, 1s a flow diagram of a method 600 for operating
a multi-bit tlip-tlop 1 accordance with some embodiments.
In some examples, method 600 1s performed by processing
system 100. In other embodiments, method 600 is stored as
instructions on a non-transitory computer readable medium
which when executed by processing unit 110 perform
method 600.

At block 610 of method 600, input data 1s provided to a
multi-bit tlip-flop. For example, the input data 1s provided at
input terminals 312 of multi-bat thip tlop 302. Multi-bit flip
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flop 302 1s operative to capture the input data and provide
output data at output terminals 314. In some examples, the
data mput may include two bits, four bits, eight bits, etc. In
some examples, both, the input data and output data corre-
sponding to the mput data of multi-bit tlip-tlop 302 1s
provided to disambiguation circuit 308.

At block 620 of method 600, a logical disambiguation of
the mput data and output data corresponding to the input
data provided to the multi-bit flip-flop 1s determined. For
example, disambiguation circuit 308 of multi-bit flip tlop
circuit 300 determines the logical disambiguation of the
input data and output data corresponding to the mnput data
provided to multi-bit flip-tflop 302. The logical disambigu-
ation of the mnput data and output data corresponding to the
input data provided to multi-bit tlip-tlop 302 1s provided to
disjunction circuit 310.

At block 630 of method 600, a logical disjunction of the
logical disambiguation of the input data and the output data
corresponding to the mput data provided to the multi-bat
tlip-flop 1s determined. For example, disjunction circuit 310
of multi-bit flip flop circuit 300 determines the logical
disjunction of the logical disambiguation of the mnput data
and output data corresponding to the mput data provided to
multi-bit tlip-tlop 302.

At block 640 of method 600, a enable signal 1s provided.,
based on the logical disjunction, to an ntegrated clock
gating circuit connected to the multi-bit thip-tflop. For
example, the enable signal, EN, 1s provided to integrated
clock gating circuit 304 connected to multi-bit flip flop 302.
The enable signal, EN, 1s generated based on the logical
disjunction of the logical disambiguation of the mnput data
and output data corresponding to the mput data provided to
multi-bit tlip-tlop 302.

At block 650 of method 600, a clock signal for the
multi-bit flip-tlop 1s generated based on the enable signal.
For example, integrated clock gating circuit 304 generates
the clock signal based on the enable signal, EN from the
clock pulse, CP. In some examples, the clock signal 1is
provided to multi-bit flip tlop 302 by integrated clock gating
circuit 304. At block 660 of method 600, the multi-bit flip
tflop 1s toggled 1n response to the clock signal. For example,
multi-bit flip flop 302 1s toggled when the clock signal rises
to a logic high, that 1s, logical 1.

In accordance with example embodiments, a circuit com-
prises: a multi-bit thp tlop; an integrated clock gating circuit
connected to the multi-bit tlip flop; and a control circuit
connected to the integrated clock gating circuit and the
multi-bit thp flop, wherein the control circuit 1s operative to:
compare output data of the multi-bit tlip tlop corresponding
to mput data with the mput data, generate an enable signal
based on comparing the output data of the multi-bit tlip tlop
corresponding to the input data with the input data of the
multi-bit tlip tlop, and provide the enable signal to the
integrated clock gating circuit, wherein the integrated clock
gating circuit provides, based on the enable signal, a clock
signal to the multi-bit flip flop causing the multi-bit flip flop
to toggle.

In example embodiments, a circuit comprises: a plurality
of single bit flip flops; an integrated clock gating circuit,
wherein an output terminal of the integrated clock gating
circuit 1s connected to a clock mput terminal of each of the
plurality of single bit flip flops; a plurality of disambiguation
logic circuits connected to the plurality of single bit flip
flops, wherein each of the plurality of disambiguation logic
circuits 1s operative to determine logical disambiguation of
input data and output data corresponding to the input data for
a corresponding single bit flip tlop of the plurality of single
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bit flip flops; and a disjunction circuit connected to the
plurality of disambiguation logic circuits, wherein disjunc-
tion circuit 1s operative to: determine logical disjunction of
a plurality of outputs of the plurality of disambiguation logic
circuits, and provide an enable signal based on the logical
disjunction.

In accordance with example embodiments, a method
comprises: providing mput data to a multi-bit tlip flop;
determining a logical disambiguation of the input data and
output data from the multi-bit tlip flop corresponding to the
input data; determining a logical disjunction of the logical
disambiguation of the mput data and the output data of the
multi-bit tlip flop corresponding to the input data; providing,
based on the logical disjunction, an enable signal to an
integrated clock gating circuit connected to the multi-bit flip
flop; and generating, based on the enable signal, a clock
signal for the multi-bat flip tlop.

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A circuit comprising:

a multi-bit flip flop comprising a plurality of single bt flip

tflops;

an integrated clock gating circuit comprising an edge

triggered flip flop having a data input terminal, an
ecnable terminal, and an output terminal, wherein the
data mput terminal of the flip tflop of the integrated
clock gating circuit recerves a clock pulse, and wherein
the output terminal of the flip flop of the integrated
clock gating circuit 1s connected directly to a clock
input terminal of each single bit flip flop of the multi-bat
tlip flop; and

a control circuit comprising a plurality of exclusive OR

(XOR) logic circuits and an OR logic circuit, wherein
the OR logic circuit comprises a plurality of input
terminals and an output terminal, wherein a first input
terminal of each of the plurality of XOR logic circuits
1s connected to an iput terminal of an associated single
bit flip tlop of the plurality of single bit flip flops and
a second input terminal of each of the plurality of XOR
logic circuits 1s connected to an output terminal of the
associated single bit tlip tlop, wherein an output termi-
nal of each of the plurality of XOR logic circuits 1s
connected to one of the plurality of input terminals of
the OR logic circuit, wherein the output terminal of the
OR logic circuit 1s connected to the enable terminal of
the tlip flop of the integrated clock gating circuit, and
wherein each of the plurality of XOR logic circuits of
the control circuit 1s operative to:
determine a logical disjunction of output data of the
associated single bit flip tlop corresponding to 1nput
data and the mput data, and
provide output data to one of the plurality of input
terminals of the OR logic circuit based on the logical
disjunction of the output data and the input data;
wherein the OR logic circuit 1s operative to:
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generate an enable signal based on a logical disjunction
of the output data of each of the plurality of XOR
logic circuits, wherein the OR logic circuit being
operative to generate the enable signal based on the
logical disjunction of the output data of each of the
plurality of XOR logic circuits comprises the O
logic circuit being operative to generate the enable
signal having a first logic value when the output data
corresponding to the input data of any of the plurality
of single bit flip flops 1s different than the input data,
and

provide the enable signal to the enable terminal of the
flip tlop of the integrated clock gating circuit; and

wherein the thp flop of the integrated clock gating circuit

1s operative to:

generate a clock signal from the clock pulse received at
the data input terminal of the flip flop of the inte-
grated clock gating circuit when the enable signal
having the first logical value is received at the enable
terminal of the flip flop of the integrated clock gating
circuit, and

directly provide the clock signal to each single bit flip
tflop of the multi-bit tlip flop causing the multi-bit tip
flop to toggle.

2. The circuit of claim 1, wherein the control circuit
comprises a disambiguation circuit comprising the plurality
of XOR logic circuits and a disjunction circuit comprising
the OR logic circuit.

3. The circuit of claim 1, wherein the multi-bit flip flop
comprises eight single bit flip flops.

4. The circuit of claim 1, wherein each of the plurality of
single bit flip flops comprises a D flip tlop.

5. The circuit of claim 1, wherein the integrated clock
gating circuit comprises a D thp flop.

6. The circuit of claim 1, wherein the flip tlop of the
integrated clock gating circuit being operative to generate
the clock signal from the clock pulse received at the data
input terminal of the flip flop when the enable signal having
the first logical value 1s recerved at the enable terminal of the
tlip flop of the integrated clock gating circuit comprises the
tlip flop of the integrated clock gating circuit being operative
to generate the clock signal from the clock pulse received at
the data input terminal when the enable signal having a logic
value high 1s received at the enable terminal of the flip tlop
of the mtegrated clock gating circuait.

7. The circuit of claim 1, wherein the first logic value
comprises a logic value one.

8. A circuit comprising:

a plurality of single bit tlip flops;

an integrated clock gating circuit comprising an edge
triggered flip flop having a data input terminal, an
enable terminal, and an output terminal, wherein the
data mput terminal of the flip tlop of the integrated
clock gating circuit receives a clock pulse, and wherein
the output terminal of the flip flop of the integrated
clock gating circuit 1s directly connected to a clock
input terminal of each single bit flip flop of the plurality
of single bit tlip tlops;

a plurality of disambiguation logic circuits, wherein each
of the plurality of disambiguation logic circuits com-
prises a first input terminal, a second input terminal,
and an output terminal, wherein the first input terminal
of each of the plurality of disambiguation logic circuits
1s connected to an mput terminal of an associated single
bit tlip flop of the plurality of single bit flip tlops,
wherein the second input terminal of each of the
plurality of disambiguation logic circuits 1s connected
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to an output terminal of the associated single bit flip
tlop of the plurality of single bit flip flops, and wherein
cach of the plurality of disambiguation logic circuits 1s
operative to determine logical disambiguation of input
data and output data corresponding to the input data for
the associated single bit tlip flop of the plurality of
single bit flip tlops;
a disjunction logic circuit comprising a plurality of input
terminals and an output terminal, wherein the output
terminal of each of the plurality of disambiguation
logic circuits 1s connected to one of the plurality of
input terminals of the disjunction logic circuit, wherein
the output terminal of the disjunction logic circuit 1s
connected to the enable terminal of the integrated clock
gating circuit, and wherein the disjunction logic circuit
1S operative to:
determine a logical disjunction of a plurality of outputs
of the plurality of disambiguation logic circuits,

generate an enable signal based on the logical disjunc-
tion of the plurality of outputs of the plurality of
disambiguation logic circuits, wherein the disjunc-
tion logic circuit being operative to generate the
enable signal based the logical disjunction of the
plurality of outputs of the plurality of disambigua-
tion logic circuits comprises the disjunction logic
circuit being operative to generate the enable signal
having a first logic value when the output data
corresponding to the input data of any of the plurality
of single bit flip flops 1s different than the 1input data,
and

provide the enable signal to the enable terminal of the

integrated clock gating circuit; and

wherein the mtegrated clock gating circuit 1s operative to:
generate a clock signal from the clock pulse received at

the data input terminal and the enable signal having

the first logical value 1s received at the enable
terminal of the integrated clock gating circuit, and
provide the clock signal to each single bit thp flop of
the multi-bit flip tlop.

9. The circuit of claim 8, wherein each of the plurality of
disambiguation logic circuits comprises an exclusive OR
(XOR) logic circuit.

10. The circuit of claim 8, wherein the plurality of single
bit flip tlops are toggled 1n response to the clock signal.

11. The circuit of claim 8, wherein the disjunction logic
circuit comprises an OR logic circuit.

12. The circuit of claim 8, wherein each of the plurality of
single bit tlip tlops comprises a D flip flop.

13. The circuit of claim 8, wherein the first logic value
comprises a logic value one.

14. A method comprising:

providing mput data to each of a plurality of single bit flop

flops of a multi-bit tlip tlop;

determining, by each of a plurality of disambiguation

logic circuits, a logical disambiguation of the input data
and output data corresponding to the input data for each
of the plurality of single bat flip tlops, wherein each of
the plurality of disambiguation logic circuits comprises
a first input terminal, a second put terminal, and an
output terminal, wherein the first input terminal of each
of the plurality of disambiguation logic circuits 1s
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connected to an nput terminal of an associated single
bit tlip flop of the plurality of single bit flip flops,
wherein the second iput terminal of each of the
plurality of disambiguation logic circuits 1s connected
to an output terminal of the associated single bit flip
flop of the plurality of single bit flip tlops;

determiming, by a disjunction logic circuit, a logical
disjunction of the logical disambiguation of the mnput
data and the output data corresponding to the input data
for each of the plurality of single bit thip flops, wherein
the disjunction logic circuit comprises a plurality of
input terminals and an output terminal, wherein the
output terminal of each of the plurality of disambigu-
ation logic circuits 1s connected to one of the plurality
of 1nput terminals of the disjunction logic circuit;

generating, by the disjunction logic circuit, an enable
signal based on the logical disjunction of the logical
disambiguation of the mput data and the output data
corresponding to the input data for each of the plurality
of single bit tlip tlops, wherein generating the enable
signal based on the logical disjunction of the logical
disambiguation of the mput data and the output data
corresponding to the input data for each of the plurality
of single bit flip tlops comprises generating the enable
signal having a first logical value when the output data
corresponding to the input data of any of the plurality
of single bit flip flops 1s different than the mput data;

providing, by the disjunction logic circuit, the enable
signal to an enable terminal of an edge triggered tlip
flop of an integrated clock gating circuit connected to
the multi-bit tlip flop, wherein the output terminal of
the disjunction logic circuit 1s connected to the enable
terminal of the flip flop of the itegrated clock gating
circuit; and

generating, by the tlip flop of the integrated clock gating

circuit, a clock signal for the multi-bit flip flop from a
clock pulse received at a data mput terminal of the
integrated clock gating circuit based on the enable
signal having the first logical value receirved at the
cnable terminal.

15. The method of claim 14, further comprising toggling
the mult1 bit flip flop 1n response to the clock signal.

16. The method of claim 14, further comprising toggling
the multi-bit tlip tlop 1n response to the clock signal chang-
ing from a first logic value to a second logic value.

17. The method of claim 14, wherein generating, based on
the enable signal having the first logical value, the clock
signal for the multi-bit flip flop comprises generating the
clock signal for the multi-bit tlip flop when the enable signal
1s at a logic high.

18. The method of claim 14, wherein each of the plurality
of disambiguation logic circuits comprises an exclusive OR
(XOR) logic circuit.

19. The method of claim 14, wherein the disjunction logic
circuit comprises an OR logic circuit.

20. The method of claim 14, further comprising providing,
the clock signal to each of the plurality of single bit flip
flops, wherein an output terminal of the thp flop of the
integrated clock gating circuit 1s connected to a clock mput
terminal of each of the plurality of single bit flip flops.
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